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Grossmann's article in opposition to Semon's law, which appeared in Vol. VI of the Archiv. fur Laryngologie we cal1edforth a large number of replies, aUt of which, with the exception of one by H. Krause, t have proved unfavorable to Grossmann. In the Vol. VII, of the Arch. f. Lar., likewise took a position on Grossman's hypothesis and we explained that it appeared to us untenable. We then continued our experiments, in order to arrive at an opinion as to how far experiments on animals could settle the vexed question.
I. SEMON'S LAW, ITS HISTORICAL EVOLUTION AND ITS

FOUNDATION.
Semon took the position, by reason of many facts which have been known for some time and whose interpretation then appeared free from objection, that, in a progressive disease of the recurrent, the fibres of the abductors suffered first while the adductors were affected later in the course 133 of the disease. The laryngeal pictwe which portrayed the three steps of progressive paralysis of the recurrent was already known; likewise the limitation of the outward movement, caused by the simple posticus paralysis (stage I), the median position, corresponding to paralysis of the posticus with secondary contraction of the abductors (stage II); and the cadaveric position, the .sign of complete paralysis of the recurrent (stage III). The explanation, at first purely hypothetical and obtained by exclusion, that the first two stages were due to a lesion of the posticus, gained a strong support when Riegel proved in a post mortem that the clinical median position had a palpable degeneration of the abductors as an anatomic substratum. A further proof for the statement that the median position was to be explained by a paralysis of the posticus, was found in the results of v. Schechs* and Schmidt's experiments on animals. They found that in dogs, when both postici had been severed, 48 hours after the operation at the latest, there appeared a median position of both vocal bands, which irrevocably, without artificial aid, resulted in death by suffocation. Furthermore, the observation had been made in the clinic that Stage I can gradually pass into Stage II, and further, that the median position can change into that which, since the time of Legallois, has been recognized as characteristic of 'paralysis of the whole recurrent.
Semon found these facts, which then were unopposed by any argument, already prepared for him. From these and from his own corroborating experiments, he formulated his law which, without giving any explanation whatever, was the simple statement of the conviction that in a gradually progressing disease of the recurrent, the succession of phenome.na takes place in a fixed and regular manner. When on , the contrary, Grossmann maintained that Semon's law is a purely theoretic hypothesis for which clinic and pathologic results gave only supplemental support, his asser· tions are completely contrary to the facts. * 
II. GROSSMANN'S HYPOTHESIS AND ITS REFUTAL.
In part I of our paper we noted the objections raised by Grossmann against Semon's law, i. e., not so much against this law itself, as against the interpretation of the clinical picture on which it is based'. He maintained that Stage I (the simple posticus paralysis) has never yet been observed by anyone. In opposition to this we, as well as Semon, had furnished proof that this very laryngeal picture has been seen in practice and described by more than 20 observers though Grossmann pictured it theoretically.
Regarding the Stage II, he claimed that in dogs, we obtain the picture corresponding to the clinical median position (adduction position, as he calls it) if a simple section of the recurrent is made, and that this position passes over into the actual cadaveric position if the section of the recurrent is followed by that of the superior laryngeal.
From these e!Cperiments he drew the conclusion that the clinical median position has nothing whatever to do with a posticus paralysis. After _checking over Grossmann's experiments, step by step, with an equal degree of care and with the same measuring instruments, we think we have proved that the position of the vocal bands in animal experiments, after section of the recurrent, is very different from the clinical median position to which, according to Grossmann, it should be analogous, and that every conclusion, therefore, which is based on the asserted congruence of both laryngeal pictures is fallacious.
III. THE FORMER AND PRESENT ELIMINATION OF THE
POSTICUS IN ANIMAL EXPERIMENTS.
After we had come to the conclusion that Grossmann's hypothesis was untenable in consequence of the considerations outlined above, we proceeded further in following up the above mentioned line of thought, namely, to imitate by means of removal of the postici muscles those conditions which we accept in the clinic as the basal facts of the laryngeal picture in question. These experiments, as we have indicated above, were carried on by Schech and Schmidt more than 25 years ago, and the results obtained thereby formed, at that time, a weighty support for the belief that the median position was caused by a posticus paralysis with secondary adductor-contraction.
Grabower, Klemperer and Grossmann took up these experiments and their results have been published coincidentally.
Differing from other investigators, who use simply estimates, we carried on this part of our work in such a manner that, by means of Musehold's laryngometer telescope, we were able to measure exactly every separation and every oscillation.
In the beginning we conducted the operation in such a manner that we made a lateral passage to the postici muscles. Thus, we obtained on the whole the same results as Schech, Schmidt, Grabower and Klemperer. Later we <Jhanged our method of operation and made an entrance in the manner lately desoribed by Grossmann. '" We cut direotly across the trachea about 2 cm. below the larynx, separated the upper part of the trachea and the larynx from esophagus, which was then turned upwards, whereby the posterior wall of the larynx with the postici was laid bare. After removal of one or both postioi, both segments of the trachea were joined together by 4 to 6 sutures.
The results obtained by these proceedures were usually different from those by the methods which were previously used. Formerly, after bilateral s~ction, at the latest 48 hours afterwards, a median position of both cords appeared, and in addition the highest degree of dyspnea which, in absence of artificial help, terminated in death by suffocation. This result was one of the chief supports for the theory of the relationship between median position and posticus paralysi13.
This new method of experimentation taught, that median position and suffocation are by no means a necessary consequence of the removal of both postici. We can therefore not deny that the results abtained by the lateral method are influenced by accessory injuries and that the newer mode of operation, which with an equally careful removal of both postici, does not cause median position and suffocation, furnishes more unobjectionable results.
We removed the postici in about 50 dogs on one side or bilaterally and obtained the following results:
1. The vocal band robbed of its musculus posticus can not be abducted to the same degree as before; the maximum of abduction is now nearer the median line than before. Within the possible latitude of oscillations the rhythmic respiratory movements and the phonation movements are preserved.
2. During quiet respiration the respective vocal band is not abducted beyond the cadaveric position, as is the case after section of the superior laryngeal nerve. In forced respiration the outward movement goes beyond this measure.
3. Animals, in which both postici muscles are removed, do not show median position and do not die of suffocation. In quiet attitude the respiration is, it is true, audible, but not forced. During motion or psychic irritation dyspnea sets in, which, with complete median position, may cause suffocation.
4. The mode of movement of the vocal cords robbed of their postici mu~cles, suffers no variation at all, even if the animal is kept alive as long au a year after the operation. We cannot notice esp~cially any approach of the vocal bands to the median line, any interference with the adduction or abduction movement, and any median position.
These results agree entirely with those obtained by Grossmann, but contradict in an essential point the theory lately advanced by Klemperer* on the ground of some new experiments. He never saw, after removal of the postici, an abduction greater than the width given by the cadaveric position. We have been very cartlful on this very point, and on the ground of correct measurements repeated time and again. We must decidedly hold the position that, after total removal of the posticus, the outward movement may excede the cadaveric position obtained by section of both laryngeal nerves. What, then, are the conclusions which may be drawn from the above facts affecting Semon's law and what are *F. Klemperer: "The position of the vocal bands after removal of the crico-arytenoid. post. PfHiger's Arch., Vol. 74, p. 272." the objections raised by Grossmann against the latter?
In regard to Stage I, the simple posticus paralysis, we have already stated the fact that numerous observers have described laryngeal pictures which are explained on the basis of a single posticus paralysis. Grossmann did not know of the cases, hence his erroneous statement that no One ever saw the simple, uncomplicated paralysis. These clinical pictures conform in the most complete way to those obtained by animal experiments. Here, as in each case, the outward movement is lessened; the affected band lies closer to the median line, and from this position its rythmic respiration and phonation movements continue. The whole deviation from the normal consists in the fact that abduction and adduction no longer takes place to so great a. degree. The analogy of the clinical laryngeal picture and that obtained by animal experiments is a complete one and, if anywhere, we must here recognize the evidential strength of animal experiments, i. e. we must recognize that the clinical picture for which we claim that it corresponds to the Stage I of the progressing recurrent paralysis, is due to a disease of the abductors.
The observation had been made in the clinic that, in individual cases, the picture of a simple posticus paralysis suffers a change in the course of time. The vocal bands very gradually approach the middle line, the range of motion still remaining becomes smaller and smaller, and finally ceases entirely at the moment when the vocal bands attain the median position. Riegel, confirming this appearance, has expressed the opinion (Semon only accepted it) that there occurs after the paralysis of the abductors a gradual contraction of their antagonists, the adductors. The gradual transition from Stage I to II, seemed to speak for this opinion; then the results of the Schech-Schmidt's experiments, and, finally, the results of the microscopical experiments were not inconsistent therewith. The later experiments in section of the posticus destroy an important link. Since in this chain of argument apparently so well made, they .show that the removal of the abductors, by no means as heretofore believed, must necessarily be followed by a contraction of the adductors. For one year after the operation, the vocal band deprived of its POSticU8 was just as movable' and just as far from the median line as immediately after the removal. Weare unable to explain the contradictions between our observations and the later ones of Klemperer (1. c.) who obtained a gradual approach of the vocal bands to the median line. Our statements in regard to this point are in agreement with those of Grabower and Grossmann. We must, therefore, confess that we cannot experimentally obtain the median position by a simple removal of the posticus. Does this, then, oppose Semon's law? We think not. In the first place, it was already known, from clinical observation, that Stage I remains in some patients years at a time without the occurence of a contraction of the adductors, i. e., a median-position; we ourselves have observed such a case for about two years. In other patients, the change from position I to II occurs sometimes earlier and sometimes later. Does not this irregularity of cases argue with greatest probability for the fact that if this transition is to occur, some circumstance which exerts the determining influence must occur?
This belief obtains a still greater measure of probability if one examines the cases in which the vocal bands alternately assume one or the other position, as the history' of the following case shows:
In the fall of last year, there appeared in the polyclinic of one of us (Kuttner) a railroad employee from Frankfort who suffered from asthmatic trouble. The thoracic viscera showed no anomalies; the examination of the larynx, however, showed that the glottis could not be opened more than 4 mm. Both vocal bands stood and moved symmetrically, made rhythmic respiration movements, and came together in the median line on phonation. The voice sounded somewhat hoarse; dyspnea was not present except when the patient exerted himself. After diligent questioning, we learned that the so-called asthmatic attacks were always accompanied by a cramp-like feeling in the throat. Further examination revealed a difference in the pupil. We decided upon a diagnosis of tabes incipiens, and concluded that the asthmatic attacks were nothing more than laryngeal crises. Our opinion was. confirmed by Dr. Rothmann, a nerve specialist, whom we consulted.
For two weeks we treated the patient by the fa-radic current; no attack appeared during this time.
The patient then returned home, but came back in about two weeks with the statement that he had suffered greatly while at home with attacJrs of suffocation. The laryngeal examination revealed that the left vocal band now stood just in the middle line and no longer made any movement; the right continued its excursions formerly observed, and moved from the median line as far back as 2 mm. The maximum of glottic width was no longer 4 mm., but was only 2 mm. During the examination, the patient was opportunely seized with an attack of suffocation. We could then see that even the right vocal band, in its ligamentous part, was drawn into the middle line and lay close to the left, while only in the cartilaginous part there remained a narrow space of about 1 mm. breadth, through which the air laborously was forced. For four days the right vocal band maintained its median position unchanged.
On the fifth day after his return, it went back again to its former position. The glottis then again showed a breadth of about 4 mm. and the left vocal cord also once more 'Commenced its movements. During this time a symptom-.atic treatment only was employed. This observation teaches, in our judgment, with absolute certainty that position T, corresponding to simple posticus paralysis, can, under the influence of a new factor, change to position II, corresponding to the median position. This factor is lacking in our animal experiments, .and that,' in our opinion, is the reason that here Stage I <loes not pass over into Stage II.
. But what sort of a thing is this factor? That it is not to be sought in Grossmann's hypothesis, is evident. The median position could never have. yielded to that mobility 'Of position T, if it had been caused by a total recurrent paralysis. We see no possibility of explaining the above ·case other than that an irritant of some kind caused temporary contraction of the adductors.
Can we imitate this condition in animal experiments? Experiments, which we have undertaken in this connectioon, have shown that we, as all our predecessors can not evoke the picture of median position exactly corresponding to reality, but can bring about something similar.
If, for example, a thread is loosely tied around a recur-rent, the movements of the affected vocal band will cease and it takes a position nearer the middle line. If now the recurrent of the other side be severed, there is seen, if the thread be tied neither too loosely nor too tightly, an unmistakable asymmetry in the glottic width. It forms an approximate right-angled triangle; the right angle lies on the side of the tied recurrent. Faradic excitation~of this . nerve (the electrode must be placed about 2 em. toward the center from the site of the thread) shows that the conduction is interrupted. After a longer or shorter period, in two cases about 20-30 min., this median position passes away and the vocal band lies symmetrical with that of the other side whose recurrent has been severed. The result of this experiment agrees with similar observations of Krause, ' " Semon, Katzenstein and others. We think we may conclude that in all cases where the interruption of the conduction recurrent occurs in an irritated rather than normal condition, there will be found an irritation of the part lying peripherai to the point of irri-. tation which finds its expression in an approach of the vocal band to the median line beyond the cadaveric position. Sooner or later this irritation ceases, and there appears the position corresponding to total recurrent paralysis.
We are confident that these experimentally prepared laryngeal pictures are indeed similar to the clinical median position and perhaps give an inaication as to its meaning; an analogy to these does not, however, exist there, for if the experimental median position can and does last only a few days, the clinical, on the contrary, persists for months and years-through the kindness of B. Frankelt and E. Meyer we were made 2~cquainted with a case of double sided median· position lasting 23 years. We see a difference greater than one of degree, and we must insist that no one has as yet been fortunate enough to obtain experi-*We mean here the observations which Krause related in his first work, Virch. Archiv., Vol. 98, 1894. The refutation in the actual observation of these and his last work (Arch. fiirAnat. u. Physiol., 1899, PhysioI. communication) we cannot give.
tB. Frankel-Laryn. stenosis following weakening of glottis abduction. Deutsche Zeitsch f. pract. Medicin., 1878. 6 and 7; A. Rosenberg, Vol. VIII, Archiv. fur Laryng., page 13, case 10. mentally a true analogy to the clinical median position. In the recognition of this fact, we see the great weakness of Grossmann's hypothesis.
. From all these experiments and reflections thereon, we deduce the following conclusions regarding Semon's law and the grounds on which it is based:
I. Stage I of the simple posticus paralysis has been repeatedly observed and described. The removal of the posticus in dogs gives essentially the same conditions which we see in the clinic.
II. A condition analogous to the clinical Stage II, median position, does not occur in dogs after the removal of the posticus. This circumstance argues against the theory that every posticus paralysis necessarily involves a contraction of the adductors leading to a median position. We have not yet been lucky enough to produce experimentally the exact picture of a median position. That laryngeal picture, which in animal experiments, yields certain similarity, teaches, in agreement with clinical observation and autopsy record'::l, that this Stage II, the median position, appears when there is added an irritation of the adductors to paralysis of the abductors.
That this explanation is the correct one for certain cases of median position seems to us without doubt. Whether it is the only one and fitting all cases must be tested by further experiments. Grossmann's hypothesis that the median position, after total paralysis of the recurrent, results from the influence of the cricothyroideus we consider false.
III. Animal experiments, in agreement with cinical observation, show that paralysis of the recurrent is necessary for bringing about the so-called cadaveric position. That the cricothyroideus does exert an influence on the paralysed band is not denied. But its influence on the conduct of the paralyzed vocal band, and, above all, the length of the influenee are so minimal that by the clinical observation of individual cases, which ought to last· more than a few days, a determining. rule cannot be assigned to it.
We thus come to the conclusion that there actually is a simple, uncomplicated posticus paralysis and ,that only the question of the nature of the complicating factor requires further elucidation. The fundamental facts of Semon's law, against which Grossmann contends, have been proven <lorrect, and thus falls every objection to the theory which Semon deduced from these premises and which of itself is not the subject of attack.
V. THE OPENING OF THE GLOTTIS AND THE INNERVATION
,OF THE LARYNX DURING BREA'rHING.
Not only for Semon's law put also for two other, formerly much discussed, questions does the experimental removal of the posticus seem to us to be ot' a determining meaning:
(1) For the question whether besides the postici there is 'Still some laryngeal muscle able to exert an abductor influence, and (2) for the question concerning the innervation of the larynx during breathing. In an earlier work'" we have already taken a position on these points, but inasmuch as this publication, is concerned with the dis-<lussion of an important, vital principle and is found in a work little accessible to the laryngologist, it is fitting here to briefly review the trend of our communication.
Our experiments showed that, even after the removal of the posticus, the rhythmic respiration movements still remained, and by correct measurement we obtained the proof that the vocal band deprived of its posticus in energetic breathing can be carried in inspiration so far outward that it is separated further from the median line than the other vocal band, whose superior and inferior laryngeal have been severed. The outward movements ,can be either active or passive. If they be of a passive nature, they must be referred to a relaxation of the adductors, which is present during expiration. In this case, however, the outward movement of the vocal band could not possibly exceed that position which corresponds to a complete relaxation of the abductors which is the position assumed by the vocal band after section of the superior and i,nferior laryngeal. But since exact measurements have repeatedly shown that the outward movement of the band deprived of its posticus exceeds that of the other side in an appreciable degree, there remaIns only one 
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possibility, that even after the removal of the posticus there is still present some force which may cause an active abduction of the vocal cords.
Further experiments have made it probable that the cricothyroideus, the arytenoideus and, especially, the cricoary~enoideus lateralis may cause an outward movement of the vocal band of the same side, questionably of the other.
In regard to point 2, concerning the innervation of the larynx during breathing, we have determined that the Krause-Semon theory, until now valid, that in quiet breathing only the abductors are tonically innervated while the adductors, on the contrary, are in perfect rest, does not obtain for the dog. The permanent rhythmic ap.duction and abduction movement, as shown in the quietly breathing dog, speaks with a certainty against the theory of a tonic innervation of the abductors. For the· explanation of this laryngeal picture, only two possibilities come into consideration. Either there is an alternate innervation of the adductors and abductors or a rise and fall in the innervation of the abductors alone-a third is. not possible.
The last mentioned possibility is excluded, however, by the condition of the dogs deprived of their postici. In these animals, after the operation, the vocal bands should maintain an equipoise if the adductors, during 'quiet breathing are not innervated and the abductors which alone should be innervated, have been removed; but this does. not occur; more often there is found after the operation, exac~ly as before, even in quiet breathing a rhythmic adduction and abduction of both bands, only the range of movement is somewhat lessened.
If the postici were the only abductors, this fact would necessarily lead to the conclusion that the adductors as well as the abductors are innervated during quiet breathing. But-a fact overlooked by the adherents of the heretofore accepted belief-after the removal of the postici, other muscles have an abductive influence. This greatly complicates the above question, for it can be said that. these muscles in taking up the function of the abductors also enter into their innervation. Yet, the proof can be shown that there cannot be simply a tonic or periodic innervation of the remaining abductors, but de facto, an innervation of the adducto'rs must accompany that of the abductors. The continuation of the adduction and abduction movements opposes the theory of tonic innervation of the abductors alone; while against a theory of a periodic \ rise of the innervation of the abductors with complete inactivity of the adductors we have the fact that by laying bare the larynx there is seen at every expiration both before and after the posticus removal a plainly active . contraction of the cricothyroideus. The rhythmic contraction of this muscle synchronous with the adduction of the vocal band, which, appearing in the form of a mov:ement of the vocal band, can, not alone, but only in conjunction with the other adductors, cause the movement in question, shows with certainty that the· expiratory adduction in the dog is not of a passive nature but is brought about only by aT). active participation of the muscles concerned.
We consider it correct to transfer to mankind the physiologic principle obtained from the dog, and these are our reasons:
(1) It is of highly probability that the vital conditions in dog and men are not essentially different.
(2) Krause and Semon constructed on the ground of laryngeal pictures this conclusion as to what was the rule in men in quiet breathing, viz.: rest of the vocal bands in the abduction position.
We admit the abduction position without argument. But the motionless state of the vocal bands in this position is not entirely opposed to our statement, for it is just as clear by our explanation as by the Krause-Semon, and-this single phenomenon is not a chief one, according to numerous statements o~Semon himself. The majority of cases, in which, despite all precautions, the vocal bands do not stand still in quiet breathing,-and everyone of these' cases is a proof for us and against Krause-Semon,-is so great that it is wrong to proclaim the motionless position of the vocal bands during quiet breathing as the usual appearance.
But in this way the only basis on which the Krause-Semon theory was founded falls. And of just as little weight are the arguments which Semon urged against other possibilities which come chiefly into consideration here are likewise of little weight. The following are Semon's arguments and our counter-arguments: .
(1.) Semon, in contrast to O. Rosenbach, considers the totality of the adductors stronger than the abductors. If we took no position in opposition to Semon's argument he has gained nothing for his standpoint, for even the weakest muscle can do a markedly greater degree of work, as soon as its innervation is correspondingly increased.
(2) Semon insists. again in opposition to O. Rosenbach, that the adductors and abductors are as antagonistic to one another as the flexors and extensors of the extremities. In our opinion, this condition has no importance for the above question. Nevertheless the groups of muscles mentioned move the vocal bands in an opposing manner; whether or not there is as precise antagonism in the anatomic sense, seems to us immaterial.
(3) Semon claims that if the theory of the innervation of both groups of muscles is correct, there should be a widening of the vocal cleft on paralysis of the adductors. But as the widening does not appear in functional aphonia, where there is a paralysis of the adductors, he concludes that in quiet breathing the adductors are not innervated. We cannot accept this deduction, for the disease which affects the adductors in functional aphonia, affects only the voluntary vocalisers, while, as Semon himself explains, the possibility of a complete closing of the glottis on reflex stimulation is not vitiated.. There is, then, no widening of the glottis in functional aphonia because no influence of the adductors is present in the respiration movements of the vocal cords, which indeed represent only a reflex action.
(4 and 5) Semon thinks that the greater vulnerability of the abductors and the central conditions of the innervation of both muscle groups speak against the physiologic preponderance of the adductors over the abductors. In our opinion, the physiologic preponderance of this or that group of muscles in the determination of this question comes as little into consideration as the anatomic, for not this but the momentary condition of innervation is that which gives the stronger force now to the abductors and now to the adductors.
(6) As his last and most potent argument against the theory of the innervation of both groups of muscle, Semon says: "If the peripheral end of the severed recurrent is stimulated, the affected vocal band will be drawn towards the median line, i. e., the adductors are stronger than the abductors, although both groups of muscles were equally stimulated." These circumstances, which Semon considers, are not actually so. In breathing, the nerves which run to the adductors and to the abductors are not equally stimulated, but one stronger and the other weaker, and just from this alternation of force, from the alternating rise and fall of the stimulation, the different pictures which we observe.in the larynx during the alternating phases of breathing result. From all these observations we think the following conclusions may be drawn:
In men, as in dogs, both adductors and abductors are innervated during breathing (quiet as well as labored) .. During inspiration, the innervation energy of the abductors increases; during expiration that of the adductors. The movement, which is accomplished by the increase in the active force of a group of muscles is aided by the passive relaxation of the other group of, muscles. AU' laryngeal pictures, which we observe in breathing from the inactivity of the vocal bands in the most quiet breathing, to the forcible, median position of the dead, rest on the same principle; the variability of laryngeal pictures is occasioned only by a variability of the energy with which one or the other group 'of muscles is brought into activity.
. From the great number of our experiments, we give the following typical histories, which agree with the above in all essentials:
I. (Experiment 72). Black watch-dog, 7 k. g., about 6 months old; narcosis, morphine (subcutaneonsly), 0.075, ether.
Before the beginning of the operation, the glottis showed in quiet breathing, in very mild narcosis, a width of 10 mm. The vocal bands made a very small, short excursion, 1-1.5 mm. sideways.
The trachea was laid bare, and then cut across between the 4th and 5th cartilaginous ring. The upper end of the trachea and the larynx were separated from the esopha-gus, and dissected upwardA. The right recurrent was then cut, at once the right vocal band stood motionless in a sloping position with a free, sharp border, 1.6 mm. distant from the median line. The left vocal band meanwhile continued its rythmical movements of respiration; on expiration it came within 1 mm. of the median line, and on inspiration moved 4-5 mm. away from it. The left posticus was then removed; the rythmical respiration movements were still continued, but the vocal band, even on deep inspiration was not carried more than 2.8 mm. from the median line. The right superior laryngeal was then cut; the ligamentous portion of the vocal band moved 0.4 mm. outward, the arytenoid cartilage remaining in the same place. The glottis now showed, on deep inspiration, a width of 4.7 mm. The right vocal band, whose connection with both laryngeal nerves was destroyed, stood 1.9 mm. from the middle line, the left on deep inspiration was carried as far as 2.8 mm. outward, and exceeded the cadaver position of the other side by full 1 mm.
Prof. H. Munk was kind enough to confirm these results. . The dog showed on the 5th day after the operation the same picture. The breathing, at rest, was not dyspneic, but became so on the least exertion. On the 7th day the dog became sick, and on the 10th he died. !~Necropsy gave as cause of death a bilateral pneumo-'nia; the left posticus was entirely removed.
II. (Experiment 84). Brown spitz, ' k yr. old, weighed 7t kg; narcosis, morphine (subcutaneous), 0.12 g. ether.
Glottic width in quie~breathing 10 mm.; movement of vocal bands normal. The left superior and inferior laryngeal nerves were cut; the left vocal band became motionless in an inclined position, 2 mm. from the middle line.
The right posticus was laid bare from the side and removed. The rythmical respiration movements of this side continued but its abduction was clearly circumscribed. With quiet breathing, the right vocal band was carried, during expiration to 0.5 mm. from the median line; in inspiration it moved about 0.5 mm. outward, so that it reached quite, Q,.r nearly, the cadaveric position assumed by the other side, whereby the whole arytenoid was pushed like a coulisse from within outward. As s<;lOn as the breathing became easier, the right vocal band was plainly drawn further outward, and indeed full i mm., so that the distance from the right vocal band to the median line was greater than that of the other side. It gave the.impression as though a particular torsion or turn in the direction of the crico-arytenoid was added to the earlier bend toward the side.
Prof. H. Munk was kind enough to confirm these statements by observation made with the graduated magnifying telescope.
III. (Exper. 70). Black-draught dog, 10-12 years old, 20 kg. in wt.; narcosis, 'morphine (subcutaneously), 0.12 ether.
The glottis showed at the beginning of narcosis a width of 12-14 mm. in quiet breathing; the vocal bands moved normally.
The trachea was laid bare, cut across, and dissected.up. Thereupon the glottis showed, on quiet breathing, a width (inspiration) of 4-4.5 mm. On deep inspiration it increased in width to 5 mm. On every expiratory adduction, even with an entirely quiet breathing, a plain contraction of both crico-thyroidei was visible. The trachea which had been severed and dissected upward acted like a writ-· ing lever, showing every contraction by a movement upward. The dog was quite alert, and made efforts to break away from his fetters. Both ends of the trachea were approximated a~d the wound closed, but the laryngeal picture remained unaltered.
Eight hours later, the dog was still drowsy, but soniewhat more lively and came when called into the room,etc .. When quiet, the respiration was noiseless, 24 times a minute,· becoming, on movement, quickly dyspneic and vehement. The dog' was now tied down and slightly etherized. Breathing was quiet; glottic width 4.5 mm. The vocal bands showed only a small respiratory oscillation; the adduction movement appeared f::tir1y energetic, slightly oscillating; the abduction movement appeared somewhat painful in 2 to 3 phases, giving the appearance as though the muscle, required for this work, was too weak for its task. In order to test whether the method of operating by making an entrance from the side to the postici had an influence on the movement of the vocal bands, the pharyngeal constrictors and fascia, on both sides, were cut through, so that the posterior face of the cartilaginous ring which had been deprived of its posticus was laid bare. The movements of the vocal bands and the glottic width remained unchanged.
The superior and inferior laryngeal on both sides were then encircled by loops; all four nerves show a typical muscle reaction with the faradic current (200 mm. distant). When all four nerves were cut, the glottis showed a width of 4 mm., i. e. it is 5 mm. narrower than the inspiration position in rapid breathing after removal of bothpostici. The dog was killed by a stab in the heart. The section showed that both postici with their respective nerves had been rbmoved and, further, both superior and inferior were cut.
IV. (Experiment 81). Black watch dog, about 2 years old, 9 kg. in weight; narcosis, morphine (suboutaneously), 0.15. ether.
Glottic width with quiet breathing 12 mm. Movements of bands normal. Both superior laryngeal were la,id bare and tied; then, from the side the right posticus was laid bare and removed. Thereupon the glottis, in quiet breathing, showed a width on inspiration 016.3 mm.; the distance of the right band from the median line amounting to 2.2 mm., and that of the left to 4.1 mm. Section of both superior laryngeal nerves made the bands somewhat looser, but produced no change in the movements. Th'e leftrecurrent was then cut; at once the left vocal band stood still (1.8 mm. from the median line) the right was abducted as before, 2.2 mm. so that at the moment of inspiration the glottis width was 4 mm. Now the crico-arytenoideus lateralis dexter was severed; at once the glottis was narrowed to 3.2 mm.; both bands were now apprOXimately symmetrical. The rythmical movements of the right vocal band had become minimal; the difference amounted to about 0.5 mm. On stimulating the right recurrent, the vocal band of the same side pressed close on to the median line.
The dog was killed by a stab in the heart. On section, it was seen that the right posticus had been entirely removed, and the right lateralis had been cut through to a small fibre. Both superior laryngeal and the left recurrent had been cut. . Glottic width, 8 mm. Movement of the vocal bands normal. Both recurrents were laid bare and encircled. by a loop of thread; stimulation with the faradic current gives a typical reaction. The thread around the right recurrent was tied, the movement of alfected vocal band became trembling and showed a decreased abduction. At the moment the knot touched the nerve without compressing it tightly, the right band approached close to the median line and stood still. The left recurrent was then severed by a sharp scissors, at once the left vocal band stood in a curved position, at the back 5.5 mm. from the right band. The glottis gave the appearance of a rightangle triangle, the right angle being adjacent to the right vocal band. When the right recurrent was stimulated distal from the knot or immediately behind this, a typical twitching of the vocal band occurred. When the elect~ode was placed 1-2 em. to the central side of the knot, no reaction followed. About 30 minutes after the tying of the thread, the glottis' again presented about the appearance of an isosceles triangle; the right vocal band also shows a curved position, corresponding to that of the left.
VI. (Experiment 71). Black watch dog 6 or 7 years old, 15 kg. weight; narcosis, morphine (subcuteneously) 0.1. ether.
Glottic width, 10 mm. Movement of vocal bands normal. Even in entirely normal breathing, at every inspiration a plain contracticn of the crico-arytenoidei was visible.
Trachea cut through 1-2 em. below the larynx. The upper end and the larynx were separated from the esophagus, and dissected upwards. Both postici were removed. Then the trachea was sutured together, The respiration movements were continued, the greatest glottic width measured being 4.5 mm. Thirty-eight days ·later, dog well, ate well. When quiet, breathing inaudible; under examination dyspnea quickly appears. The vocal bands move symmetrically and synchronously, and the greatest glottic width was 4.5 mm. Section shows that both postici had been completely removed.
